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Indian Standard 

GUIDE TO THE USE OF 
PIEZOELECTRIC FILTERS 

PART I QUARTZ CRYSTAL FILTERS 
0. FOREWORD 

0.1 This Indian Standard ( Part I ) was adopted by the Indian Standardi 
Institution on 26 July 1974, after the draft finalized by the Piezoelectric 
Crystals for Frequency Control and Selection Sectional Committee had 
been approved by the Elcctrotcchnical Division Council. 

0.2 Electrical filters arc widely used in communication, telemetry, 
navigation and measurement applications. In many cases, the amplification 
and the filtering are combined as in the case of interstage transformers 
between active devices, such as tubes or solidstate devices. Recent 
demands for sharper selectivity, flatter passband characteristics^ higher 
stop band attenuation, higher stability and lower ageing have resulted in 
increasing use of filters as independent units separated from amplifiers. 
The advent of integrated circuits has accelerated this trend. 

0.3 The qualities of a filter are mainly governed by the characteristics of 
the resonant elements used in the filter. Piezoelectric resonators are 
superior to conventional LC resonant circuits with regard to such 
characteristics as the quality factor ( Q,), temperature characteristics, 
ageing rate, size and weight. Hence, a wide variety of piezoelectric filters 
is now available commercially. 

0.4 There are two main types of piezoelectric filters: one is quartz crystal 
filter and the other ceramic filter. There are certain similarities as well 
as dissimilarities between these two types of filters. Two standards have 
been prepared in response to a generally expressed desire on the part of 
both the users and the manufacturers for a guide to the use of piezoelectric 
filters, so that tlic filter may be used to its best advantage — the first one 
( this standard ) relates to quartz crystal filters and the second relates to 
ceramic filters [ ite IS : 7410 ( Part II ) ]♦. 

0.5 This standard is limited to passive bandpass filters operating over the 
frequency range from about 10 kHz to 100 MHz which arc commer- 
cially available as separate and independent units. Filters which are 

•Guide to the use of piezoelectric filters: Part II Piezoelectric cerifnic fihen 
( undtr preparation ) . 
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integrated into a larger system are not covered by this standard. Filters 
considered in this standard are limited to two-port filters using passive 
linear elements. 

0.6 It is not the aim of this standard to explain theory, nor to attempt to 
cover all the eventualities which may arise in practical circumstances. 
This guide draws attention to some of the more fundamental questions 
which should be considered by the user before he places an order for a unit 
for a new application. Such a procedure will be the user's insurance 
against imsatisfactory performance. 

0.7 While preparing this standard assistance has been derived from the 
following publications issued by the International Electrotechnical 
Commission: 

lEC Pub 368A 'First supplement to Publication 368 ( 1971 ) Piezo- 
electric filters '. 
lEC Doc: 49( CO. ) 78 Draft — Check list for crystal filters. 



1. SCOPE 

hi This standard ( Part I ) deals with the use of piezoelectric quartz 
crystal filters so that the filters may be used to its best advantage. 

1.2 The scope is limited to passive bandpass filters in the frequency range 
from about 10 kHz to 100 MHz, which arc commercially available as 
separate and independent units. Filters which arc integrated into a larger 
system are not covered by this standard. 

2. TERMINOLOGY 

2.1 For the purpose of this standards the terms and definitions given in 
IS : 1885 ( Part V ).1965* shall apply. 

3. GENERAL 

3.1 The high Q^and the high stability of quartz crystal resonators have 
been used in obtaining very selective electrical filters, which are commonly 
called crystal filters. Crystal filt rs are now widely used in com- 
munication, telemetry, navigation and measurement as well as in long 
distance carrier systems. Although their specifications arc very diverse, 
many of these needs may be served by a few standard types of crystal 
filters. 

3.2 Standard article sheets, or the data sheets issued by manufac- 
turers will define the available combinations of reference frequency. 



*£Iectro technical vocabulary: Part V Q^uartz crystals. 

4 



ANEIOHENT NO. 1 APRIL 1981 

TO 

IS:7410 (PART I)-1974 GUIDE TO THE USE 

OF PIEZOELECTRIC FILTERS 

PART I QUARH CRYSTAL FILTERS 

Mterations 

{Page U» olauae 2.1, line 2} - Substitute 
'IS:l885 (Part XLIV)-1978»' for '18:1885 (Part V)- 
1965* '. 

{Page l», foot-note uith '** mark) - Substitute 
the following for the existing foot-note: 

"Blectrotechnical rocabulary;Part XLIV 
Piezoelectric derices. [Superseding 
IS:l885 (Part V)-1965 and IS:l885 (Part XXXIII)- 
1972].' 



(LTDC 12) 



Printed at New India Printing Press, Khurja, India 



ISi7410(PartI).1974 

passbandwidth, ripple, shape factor, terminating impedance, etc. These 
sheets arc compiled to include a wide range of piezoelectric quartz crystal 
filters with standardized performances. It should be emphasized that the 
user should, wherever possible, select his crystal filters from these sheets, 
when available, even if it may lead to making small modifications to his 
circuit to enable standard filters to be used. This is especially so in the 
selection of reference frequency. 

3.3 In contrast to conventional LC filters, quartz crystal filters offer 
substantial advantages in design and production costs, when their 
reference frequencies arc limited to a few narrow frequency ranges. 
Hence, an order which does not specify one of the more commonly used 
reference frequencies may be uneconomical. 

3.4 It should be understood, that standardization is not a fixed, but 
rather a continuing process. As new requirements arise, new article 
sheets will be produced to meet these requirements, after careful 
consideration. 

4. TECHNICAL INTRODUCTION 

4.1 It is of prime interest to a user that the filter characteristics should 
satisfy a particular specification. The selection of internal filter and 
resonator networks to meet that specification should be at the option of 
the manufacturer. 

4.2 The amplitude versus frequency characteristics of a filter arc usually 
expressed in terms of transducer attenuation as a function frequency, as 
shown in Fig. 1 . A standard method for measuring transducer attenuation 
is described in 8. In some applications, such characteristics as transient 
response or group delay are more important than transducer attenuation. 
But these special characteristics arc not considered here. 

4.3 Transducer attenuation characteristics are further specified by 
reference frequency, minimum transducer attenuation, passband ripple 
and shape factor. The specification is to be satisfied between the lowest 
and the highest temperature of the specified operating temperature range. 
This condition shall also be satisfied before and after environmental tests. 

5. QIUARTZ CRYSTAL RESONATORS FOR HLTERS 

5.1 A brief description of crystal resonators is included here, so that a 
user may understand the feasibility and the limitation in the design of 
crystal filters due to the characteristics of resonators. In a conventional 
filter, inductors and capacitors arc used as reactive elements. The 
inevitable losses associated with the components yield twofold effects on 
filter characteristics. Firstly, the transducer attenuation becomes finite 
instead of zero in the passband. Secondly, and more serious, the 
sharpness of the attenuation characteristic near the cutoff frequency may 
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Fio. 1 Transducer Attenuation Characteristics of a Filter 



be spoiled. The second effect mostly depends on the d of components, 
whereas the first effect depends, among other things, on absolute values 
of dissipation. 

5*2 A quartz crystal resonator is eauivalent to a combination of reactive 
elements with a quality factor ( Q,) which is at least two orders of 
magnitude better than the Q, of conventional inductors. A crystal filter 
uses quartz resonators in place of inductors and capacitors and takes 
advantage of the high Q. of resonators to achieve sharpness oLcutoff* 
Figure 2 shows a typical comparison of a crystal filter with a conN^tional 
filter, both of which are designed to have similar passbands. It can be 
seen that much sharper cutoffs and sharper attenuation peaks are obtained 
by the use of crystal resonators, whereas there is little improvement in 
the minimum insertion loss. The use of crystal resonators in a filter also 
yields additional advantages, such as better temperature and ageing 
characteristics, small size and lighter weight. 
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Fia. 2 Comparison of Characteristics of a Crystal Filter 
AND A Conventional LC Filter 



5*3 The electrical characteristics of a crystal unit may be represented by 
means of the equivalent circuit shown in Fig. 3. It consists of a shunt 
capacitance C and a dynamic branch comprising equivalent inductance 
Li, capacitance Ci and resistance R\ in series. Other convenient 
parameters for discussing characteristics of crystal units for filters arc 
resonant frequency /,, antircsonant frequency //>, quality factor Q,, and 
capacitance ratio r, which are defined also in Fig. 3. 
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Fio. 3 Eq,uivalent Circuit of a Crystal Unit 
7 
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5.4 There arc a few important differences between crystal units for 
filters and crystal units for oscillators. With a crystal unit for use in 
oscillators, the temperature coefficient and the effects of ageing on the 
resonant frequency and the Q, are of prime interest. They are also 
important in the case of a filter crystal unit but to a smaller degree. 
Theoretically, these determine the lower limit of the usable bandwidth of 
a crystal filter. The bandwidth of the majority of filters is usually far 
wider than this limit. 

5.5 In the case of a crystal unit for a filter, it is further required that all 
the reactance parameters arc to be specified in a design. These 
parameters arc determined by such factors as the dimensions of the 
resonator, the shape and the location of electrodes, and the mode of 
vibration. Since these factors cannot be chosen arbitrarily, the available 
range of the parameters is relatively restricted in comparisoxi with the 
range of conventional inductors. 

For example: 

a) The range of available equivalent inductances at a particular 
frequency does not exceed about 50 : 1 anywhere and for high 
frequency crystals may not be as much as 5 : 1 , compared with a 
range of 1 000 or more for acceptable conventional inductances or 
capacitances at a particular frequency. This imposes severe 
limitations on the design of a crystal filter. 

b) The high value of the equivalent inductances is a further practical 
difficulty. 

5.5*1 Tabic 1 presents characteristics of typical crystal units for a 
low frequency ( 100 kHz ) and a high frequency ( 107 MHz ), respectively. 
The capacitance ratio r, is the ratio of the shunt capacitance to the 
equivalent dynamic capacitance. The value of the capacitance ratio can 
be modified by the adjustment of the electrode configuration, but cannot 
be lower than a certain minimum value, which is an inherent constant of 
a mode of vibration. 



TABLE 1 


GHARAGTERISTIGS OF CRYSTAL UNITS 


Fjubquknot 


EgmvALENT Dynamic 

iNDUOTikKC* 


a 


Minimum Gapaoitanob 
Ratio, r 


(1) 




(2) 


(3) 


(4) 


100 kHz 




20-100 H 


50 000 


130 


10-7 MH2 




10-30 mH 


150 000 


250 


21-4 MHz 




•«— -U n d e r 


c n s i ( 


1 e r a t i n — ► 



IS:7410(PartI)-1974 

5.5.2 The ratio is aiso a measure of the separation between the resonant 
and the antiresonant frequencies as shown below: 

Thus, the capacitance ratio is closely related to the bandwidth of a 
crystal filter. 

5.6 With a filter consisting of crystal units and capacitors, the widest 
fractional passbandwidth obtainable is ( l/r). If much wider pass- 
bandwidths arc required, inductors may be employed as well as crystal 

units and capacitors. A fractional passbandwidth up to (2/r)3 may be 
obtained. Inductors may be placed in such positions in the circuit as to 
render possible combination of their losses with those of the load resistances, 
with the result that the effect of the losses causes only an additional 
constant attenuation without affecting the sharpness of cutoff. 

5.7 Because a crystal resonator has a complex mechanical structure, there 
arc numerous modes of vibration other than the main mode which is 
intended for use in a filter. These modes sometimes occur in the vicinity 
of the main mode and disturb filter characteristics. Such unwanted 
modes shall be suppressed below a certain level or shifted to frequencies 
which are of no importance. 

5.7.1 This requirement is more important for filter crystal units than for 
crystal units for oscillators. It is usually met by suitable design of the 
dimensions of the resonator, the electrodes and the mounting. It is for 
this reason that the available range of equivalent circuit parameters 
is more restricted. 

5.8 A resonator with more than one pair of electrodes is sometimes used. 
There arc also resonators utilizing more than one main mode of vibration. 
Such multiple-electrode or multiple-mode resonators offer some 
advantages in the practical construction of a. filter, although they 
introduce a little fundamental change in the feasibility and limitations of 
crystal filters. 

5.9 In high frequency crystal resonators, the vibration energy can be 
trapped in the vicinity of an electrode by the loading mass of the 
electrode. A multiple-mode resonator or an electromechanical filter can 
be obtained by utilizing mutual acoustic coufiling between several regions 
energized by different electrodes. Thus a complete filter can be obtained 
in a monolithic or integrated form. This makes possible substantial 
reductions in size and weight. 

6. BASIC FILTER CHARACTERISTICS 

6.1 General Characterlftics — The following is a brief summary of the 
characteristics of individual types of filter using passive linear elements. 
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It should be noted that a crystal discriminator can be regarded as a 
specific form of a filter incorporating non-linear devices. There arc also 
filters using active elements. Both of these are outside the scope of this 
guide. 

64.1 Single Side Band ( SSB ) Filters 

6.1.L1 These may have cither symmetrical or asymmetrical 
attenuation characteristics depending on whether the equipment uses a 
single carrier frequency or two alternative carrier frequencies, one on 
each side of the passband. The passbandwidth ( typically at 6 dB ) will 
lie between about 2*4 kHz and 3*5 kHz depending on the application. 

6.14.2 The volume of such filters varies from 30 to 150 cm' in the 
1 to 2 MHz range to values as low as 16 cm^ at 9 MHz. Typical relative 
stop band attenuation is 60 dB. An example of a filter with 6 dB at 
2'5 kHz bandwidth and 60 dB at 3'6 kHz bandwidth, with a load 
impedance of 75 or 5000 ohms is given in Fig. 4. 
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6.1. 1.3 The difficulty of producing these filters is largely a function 
of the transition bandwidth between the passband and the stop band, 
particularly as regards the requirement for carrier suppression including 
the effect of temperature. 

6.1.2 Filters for FM Applications 

6.1.2.1 Tlicse are usually for 10' 7 MHz, although other frequencies 
may be in common usage, such as over the frequency range to 30 MHz. 

6.1.2.2 Passbandwidths are specified wide enough to pass the audio 
signals on the carrier under conditions of varying tem[)eraturc and errors 
in both transmitter and receiver oscillator frequencies. The permissible 
errors of these frequencies are normally laid down by the responsible 
authorities. 

6.1.2.3 Stop band and transition band attenuations arc determined 
by the position of the next channel and its frequency stability together 
with the frequency spectrum produced by the superimposed signal 
modulation. The adequacy of performance may be determined by a two 
signal test which checks the interference and cross talk on a wanted 
channel caused by a signal in an adjacent channel are measured. 

6.1.2.4 Typical filters require loads of 1 000 ohms shunted by 25 pF. 
It is necessary to ensure that tolerances on the loads arc not too wide, 
so as to avoid undesirable passband ripples which may result in un- 
acceptable distortion or sensitivity to interference or both. 

6.1*2.5 Volumes of filters arc usually in the range 10 to 40 cm^ with 
relative attenuations of 50, 80 or 90 dB depending on the application and 
on whether tlic niter provides all or only a part of the receiver selectivity 
required. 

6.1.2.6 Normally, special filter passband characteristics arc not 
specified for FM systems. An example of this is illustrated in Fig. 5, 
which is an example with 6 dB maximum specified at i 15 kHz and 
80 (IB minimum specified at ±30 kHz. 

6.1.3 Bnnd Slop Fillers — Band stop filters are not easily made with 
asymmetrical stop band characteristics but this is rarely a requirement 
Multiple band stop filters with bandwidths of more than 0*1 percent and 
substantial attenuation are rare and difficult to make. Unwanted. 
responses can be troublesome unless the stop bandwidth is narrow because 
they introduce losses in the passband. Further difficulties due to 
inductor imperfections are experienced with very wide passbands 
extending to frequencies of one or more orders of magnitude greater than 
the stop band fiequencies. 
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Fig. 5 Example of a 10* 7-MHz Crystal Filter 
FOR 50 KHz Channel Spacing 



6.1.4 Response Characteristics — For filters where the form of amplitude 
characteristics is important, there exist such theoretical response 
characteristics as the Chebyshcv maximally flat or extra-flat 
(Butterworth), Papoulis, eUiptic functions response, etc. Where the 
phase characteristic is more important, such as in digital transmission 
systems, there exists Gaussian function response. It is not good practice 
to specify the response of the filter solely in terms of these characteristics 
because they are theoretical in nature and practical filters can only 
approximate to the ideal response due to the spread between the 
resonator parameters, according to the real terminations, etc. It should 
also be noted that since there is a relationship between phase and 
amplitude characteristics, it is not possible to obtain both characteristics 
independently. 
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6.2 Availability and Limitations 

6.2.0 Crystal filters arc manufactured in quantity and widely U5cd for 
selectivity in all (lasses of equipment where the first IF is in the high 
frequency range. Types exist for FM applications at, for example, 
10-7 MHz for VHF and UHF bands for 50, 25, 20 and 12*5 kHz channel 
spacing. An example of a 50-kH/ channel s[)acing filter is given 
in Fig. 5. 

6.2.0.1 Filters exist also for some single sideband applications with 
filter frequencies below 10 MHz. An example of a filter at 1005 MHz 
for duplex single side band communication is given in Fig. 4. 

6.2*0.2 In addition, crystal filters are firmly established in frequency 
division multiplexing telephony systems for channel sclccti( n, pilot signal 
rejection and selection, and carrier su[)ply requirements, although these 
are not usually available in the market. Details of available bandwidths 
arc discussed in 6.2.1. 

6.2.1 Effect of Bandwidth on Availability of Crystal Bandpass Fillers 

6.2.1.1 The available parameters of quartz crystal units affect the 
characteristics of the filter unit and thus impose constraints on the design 
of the filter. Most crystal filters used arc characterized by their band- 
pass. Figure 6 is a graphical representation in terms of icfcrcncc 
frequency versus bandwidth of crystal bandpass filters which can be 
produced without difficult development work. It should be borne in mind 
that this chart is a guide only to what is technically possible. ComMCrcial 
availabihty will depend on other factors, such as quantity, cnvironmvrntal 
requirements, size and cost. 

6.2.1.2 The following clarify the reasons on account of which in 
certain regions ( see Fig. G ) there are difficulties relating to the bandwidths 
available at different reference frequencies, and they apply to filters which 
have symmetrical or asymmetrical attenuation characteristics: 

a) Region of Q. and frequency stability problems — In this region, the 
crystal units normally available will have Q,*s and stabilities which 
will produce difficulties due to one or more of the following: 

1) Very high value of minimum transducer attenuation or change 
with temperature or both, 

2) Change in characteristic with time due to crystal ageing, 

3) Inconsistency of passband shape between samples, and 

4) Variation of mid-band frequency with temperature. 
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Fig. 6 Frequency Ranoks of Crystal Bandpass Filters 
( Not Requiring Critically Difficult Development ) 

b) Region of internal transformer problems — In this region, ihc Q^ and 
temperature cocflicient of transformers become cruical and it may 
be impossible to obtain adequate stability wiih time and 
temperature or adequate shunt resistance to terminate the filter 
correctly. 

Region of quartz capacitance ratio limitations — It is difficult to use 
this range irrespective of the circuitry used wiih passive 
components. The dividing line depends to some extent on the 
quality of internal transformers with respect to self-capacitance. 
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d) Region of difficult crystal frequency range — This range should be 
avoided if possible since such crystals arc expensive, of high 
impedance, have difficulties in reproducibility of characteristics 
between one sample and another, and even small changes of 
reference frequency may require extensive development work to 
establish a satisfactory design. 

6.2.2 Passbandwidth — As the passbandwidth varies, the choice of 
network configuration to be used also changes. There are three types of 
configuration which are usually described as having: 

a) narrow passbandwidth, 

b) intermediate passbandwidth, and 

c) wide passbandwidth. 

The principle characteristics and limitations of these types arc 
described in 6.2.2.1 and 6.2.2.2. 

6.2.2.1 Narrow pass bandwidth filters {for example, up to a fractional pass- 
bandwidth up to -) — These may be of ladder, lattice or hybrid configuration. 

They contain transformers and inductors only for the purpose of matching 
the impedance to the load, or for conversion from unbalanced conditions 
in the filter. The transformers may also be used to augment the stop band 
characteristics at frequencies away from the immediate passband region. 

6.2.2.2 Intermediate passbandwith filters {for example, from a fractional pasS' 

14 
bandwith of -to — ) — These differ from the previous type only in that finite 

but non-critical inductances arc required to tune out crystal capacitance 
and/or load capacitance in order to give the correct response. 

This can lead to degradation of the passband response, particularly 
near the upper cutoff due to the Q, of the added inductors; another 
modification may be observed some distance from the passband due to 
the presence of the inductors which may either increase or reduce the 
theoretical attenuation. Otherwise available characteristics are similar 
to those for narrow bandwidth filters. 

6*2.2.3 Widi passbandwith filters {for exampU, from a fractional pass- 

bandwidth of ^ <o ( 2/r )1 -— These differ considerably from cither of the 

previous types by utilizing inductances which require accurate values and 
which are incorporated specifically in the design not only to tunc out crytal 
capacitances which otherwise would prevent the correct bandwidth being 
obtained,i)ut also to assist in achieving the required stop band relative 
attenuation. 

15 



IS:7410(PartI)-1974 

The inductors arc so positioned in the filter configuration that their 
(^only results in a constant increase in transducer attenuation. The end 
inductor may be in shunt or scries with the load resistance. 

The minimum transducer attenuation of this type of filter in decibels 
is approximately proportional to the inverse of the fractional bandwidth 
for a specified Q, of the inductances added to the crystal structure. 

6.2.3 Limitations on Temperature Performance 

6.2*3.1 Narrow band filters will possess a temperature performance 
which is almost independent of that of any associated inductances. The 
performance will be mainly determined by the temperature coefficient of 
the crystals and to a first order the effect will be confined to a variation 
of the mid-band frequency in relation to the variations of the crystals. 
Since most crystals do not have a linear temperature coefficient, 
measurement at a substantial numbei of temperatures may be necessary 
to obtain accurate data. 

6.2.3.2 For very narrow bandwidths, differences in temperature 
characteristics of the crystals within the filter may result in variations of 
ripple magnitude with temperature, and if large temperature coefficients 
for. the capacitors are used, as might occur if ceramic capacitors arc used, 
the bandwidth may also vary with temperature. 

6.2.3'3 For crystals used below approximately 1 MHz, variation of 
the equivalent resistance of the crystal with temperature will affect the 
minimum transducer attenuation considerably. This is important for 
pilot selection filters. As the bandwidth increases into the intermediate 
bandwidth region, the temperature coefficient of the inductance becomes 
important and can aflfect ripple and bandwidth. 

6.2*3.4 For wideband filters, the main effects will be upon passband 
shape due to the temperature coefficient of the added inductances and 
their associated capacitances and upon stop band attenuation dependent 
on the temperature coefficient of capacitances used for positioning the 
attenuation peaks in the correct position. The effect of crystal 
temperature coefficient is likely to be minor. 

6.2.3.5 Filters for mobile equipment normally fall into the boundary 
between the narrow bandwidth and intermediate bandwidth regions. The 
wide temperature ranges in many specifications require careful attention 
to the temperature coefficient of the crystals and to the temperature 
coefficient of the inductances and associated capacitors. 

6.2.3.6 Single side band filters generally have more severe 
requirements than double side band fihers due to the narrow transition 
range between the wanted and unwanted side bands, and to carrier 
frequency rejection. Even with carefully controlled high frequency 
crystals; the upper limit is about 25 MHz for practicable filters. 

16 
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6.2 A Limitations on Enoironmenlal Performance 

6*2.4«1 Since crystal resonators may not be completely immersed in 
cncapsulant, special consideration should be given to environmental 
aspects. Since virtually no vibrational energy reaches the edge of high 
frequency plates, these crystals can be mounted at the edges. 

6.2«4*2 For low frequency contour modes, the problem is more 
difficult since strain of the support wires can affect frequency stability and 
resistance. It is important therefore that the correct environmental 
requirements are specified before design rather than later. 

6.2*4*3 For filters to be used in mobile equipment, vibration 
specifications of 10^ for prolonged periods at frequencies up to 500 
cycles, bump tests at 40^ and acceleration tests at 13^, do not present 
difficulties. 

6.2.4.4 Resistance to shock and vibration tests may be a function of 
direction of application. Where requirements are severe, it may be 
possible to optimize the filter unit with this in mind. 

6.2.5 Otfur Limitations 

a) Transducer Attenuation — This is not necessarily lower than for an 
LC filter of the same bandwidth. It can be higher due to 
difficulties caused by crystal parameters. 

b) Unwanted Responses — These can be troublesome in some cases as 
discussed in 5. 

c) Sensitivity to Load Impedance Errors — This may be greater than for 
an LG filter. This is a function of the configuration and design 
technique used. If important, the effect of errors should be 
evaluated. 

6.2.6 Standardization 

6.2.6.1 Since there arc many more possible points of differecthe 
between various crystal filters than between other components whichrcon 
not consist of an assembly of elements, it is not possible at the pre- 
sent time to standardize size, shape, reference frequency and other 
characteristics. 

6.2.6*2 Some degree of similarity does exist between various units 
used in the first IF of an equipment which is at, for example, 10*7 MHz. 
However, differences may exist between products of different filter 
suppliers with particular reference to terminating impedances. Even then 
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manufacturers requirements differ fo. ^nc or more of the following 
reasons: 

a) Application — Some requirements specify that these filters provide 
all the relative attenuation rcouircd, others augment it at a second 
intermediate frequency ( IF ). For some applications, size is critical, 
for example, pocket sets, while for others, cost is dominant. Such 
appHcations may require different minimum relative attenuation 
performance, 

b) Channel spacing — 50, 25, 20 and 12*5 kHz channel spacings are 
now common, but 60 and 30 kHz also exist. Even with a 
particular channel spacing, the characteristics required are a 
function of the local oscillator stability used. 

c) Modulation — Bandwidth requirements for FM and AM may 
differ. 

d) Impedance — In general, filters are designed to operate between 
specific terminating impedances. 

e) Local oscillator stability — The passbandwidth required of the filter 
will be partly determined by the local oscillator stability combined 
with any drift of ^he equipment. 

6«3 Input Levels — Drive level performance may be limited by 
reason of: 

a) crystal resonator damage, 

b) crystal resonator frequency and/or activity change, 

c) inductance change, and 

d) intermodulation requirements. 

6.3.1 Crystal Resonator Damage -—This may be dependent on signal 
frequency and whether the filter is correctly loaded. Sensitivity to high 
drive levels will be highly dependent on resonant frequency of the crystal 
elements. Even if normal conditions are satisfactory, the implications of 
testing and other abnormal conditions, such as the filter being open- 
circuited at the output terminals should be considered, since this could 
result in substantially greater power reaching the resonator. 

6.3.1.1 The input impedance of a filter in the stop band may vary 
considerably, hence levels in the stop band should be expressed in terms 
of equivalent source potential. 

6.3*2 Change in Crystal Resonator Frequency or Resistance or Both — The 
maximum levels at which the filter is required to operate within limits 
should be stated. For very narrow bandwidths this will be more 
important than for wider bandwidth filters due to the greater frequency 
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stability required. Filters using low frequency crystals should not be 
subjected to drive levels in excess of 1 mW when correctly terminated 
unless the manufacturer specifically agrees to it. For filters using resonators 
in thickness sheer mode drive levels up to 10 mW when correctly 
terminated arc normally acceptable. Very low drive levels can be 
experienced in communication receivers. Characteristics of filters are not 
normally affected by operating at the low levels which may be below 
1 pW. 

6.3.3 Inductance Changes — These arc usually negligible for high frequency 
filters, but should be considered for low frequency filters. Where dc is 
passing through the input or output filter transformer, the direct current 
level should be specified. 

7. APPLICATIONS AND PRACTICAL REMARKS 

7.1 The most extensive applications of standard type crystal filters are 
seen in intermediate frequency filtering and in single sideband generation, 
although there are numerous important applications in navigation, 
telemetry and measurement as well as carrier systems. For example, 
the high selectivity of an IF crystal filter makes a single conversion 
receiver as shown schematically in Fig. 7 possible. The characteristics of 
a crystal filter are governed largely by the network inside the unit. 
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Fig. 7 Single Conversion Receiver 



7.2 Certain precautions, however, are required in order to obtain a 
satisfactory performance, when the filter is inserted between external 
circuits, especially between active devices. The following are important: 

a) Both input and output terminals of a filter should be properly 
loaded by specified resistances. At a higli frequency it is 
frequently requited that stray capacitances are kept below 
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specified values or sometimes arc adjusted to certain specified 
values. Figure 8 shows the characteristics of a 10' 7-MHz filter 
loaded by resistances of 1 kQ and 1 5 kfl. The filter was designed 
to be loaded by 15 kQ, Figure 9 shows characteristics of the same 
filter, which is loaded by correct resistances, before and after the 
insertion of stray capacitances of 5 pF in both input and output 
terminations. Considerable distortions in the passband due to 
improper loads can be observed in both figures. 

15 




10 kHz 

FREQUENCY.KHz ^ 

REFERENCE FREQUENCY 10. 7 MHz 

Fig. 8 Effect of Load Resistances on the Characteristics 
OF A Crystal Filter 

b) Stray coupling between input and output terminals should be 
kept to a minimum by proper eai thing or shielding. Otherwise 
the guaranteed loss at the stop band may not be obtained. 
Figure 10 shows that a stray coupling of only 0*5 pF greatly 
reduces the attenuation of a 10'7-MHz filter in the attenuation 
bands. 

c) The level of input signal should be kept below a specified value. 
Overdriving tends to create various undesirable effects. This 
precaution is especially necessary when a filter is used in a 
transmitter for the generation of single side band signal. 
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Fio. 9 Efiect of Load Capacitances on the 
Characteristics of a Crystal Filter 

d) In many cases, transformers arc used in a crystal filter to obtain 
proper impedance conversion. These transformers may not be 
suitable for the application of direct voltages and care should be 
exercised before such connections arc used. 



shall Ik in accordance with 



8. MEASURING T£CHNI(^UES 

84 The measuring techniques 
IS: 6133 (Partl)-I971*. 

9. MARKING 

9.1 Marking which shall be in line with 6 of IS : 6133 ( Part I ).1971* 
includes type number, reference frequency and mark of origin with 
additional marking to be agreed upon between customer and 
manufacturer. 



^SpeciBcition for piezoelectric filters for use in telecommunication and meaiuring 
equipment: Part I General requirements and testa. 
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Fig. 10 Effect OF Stray Coupling ON THE Characteristics 
OF A Crystal Filter 

10. ORDERING PROCEDURE 

10.1 When the requirements are to be met by a standard item, it will be 
sufficient to specify the corresponding article sheet. 

10.2 When the requirements cannot wholly be met by an existing article 
sheet, the article sheet should l^c quoted together with known differences. 

10.3 In a rare case, where the differences are such that it is not reasonable 
to quote an existing article sheet, a new sheet is to be prepared in a 
similar form to that already used for standard article sheets. 

10.4 A suitable check list ( see Appendix A ) will be useful for ordering a 
crystal filter and should be considered in drawing up a specification. 

10.5 In an unsymmetrical filter, it is recommended that the stop band 
and passband requirements be specified with reference to precise 
frequencies rather than by quoting bandwidths in both regions. 
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10.6 It should be clearly stated in the specification whether the fihcr is 
required to operate whilst under conditions of shock, vibration or 
acceleration. If it is, the possibility of noise generation and its acceptable 
limit should be considered, but is only of concern for lower frequency 
fihcrs. 



APPENDIX A 

( Clause 10.4) 

CHECK LIST FOR ORDERING PIEZOELECTRIC ftUARTZ 
CRYSTAL FILTERS 

A-l. APPLICATION 

( For example, for stationary, portable or aircraft equipment, etc ) 

A.2. DESCRIPTION 

( Desired volume or outline ) 

A-3. MANDATORY REQUIREMENTS 

ASJ Electrical 

a ) Refereiice frequency 

b) Pass bandwidth characteristics 

1) Bandwidth (at ... dB ) 

2) Maximum ripple 

3) Maximum transducer attenuation 

4) Shape factor (at ... dB and ... dB ) 

5; Minimum relative attrnuation within stop band ( from 
.. Hz to ... Hz) 

(3) Magnitude and nature of input and output terminating 
impedances 

A-3.2 Environmental 

a) Temperature ravgc 

1) Operating 

2) Operable 

3) Storage 

2^ 
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A^. OPERATIONAL REQ^UIREMENTS 

A«4.1 Electrical 

a) Unwanted responses 

b) Maximum level 

c) Input level 

d) Insulation resistance 

e) Other requirements ( for example, phase characteristics, 
ageing, etc) 

A<-4»2 Environmental Requirements 

a) Climatic 

1) Humidity 

2) Others ( for example, sealing, temperature cycling ) 

b) Mechanical 

1) Bump 

2) Shock 

3) Vibration 

4) Acceleration 

A-4.3 Physical Requirements 

a) Type number of ISI standard filter outline ( if any ) 

b) Length 

c) Width 

d) Height 

e) Terminals and mounting accessories 

f) Markings 

g) Weight 

h) Others ( such as solderability ) 

A.5. INSPECTION REQUIREMENTS 

a) Related specifications 

b) Inspection authority 

c) Acceptable quality levels 

d) Type tests 

c) Others 

NoTB — It it also necessary to include the severity of the testing required, 
that is, how often the test shall be performed, the percentage to be tested and the 
acceptable failure rate. 
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